Abstract
Resumo
F usarium oxysporum belongs to the Moniliales order and Tuberculariaceae family. This is a soil fungus, staying for long periods in the chlamydospores form. It is disseminated mostly through infected seeds and seedlings, carried by irrigation and rainfall water, agricultural workers and supplements. The disease, known as Fusarium wilt, begins with the yellowing of older leaves, which progresses quickly to the younger (Zambolim et al., 2000) . In recent years, the occurrence and severity of this disease have increased due mainly to the few preventive methods of control. The losses on income have been little studied. It is known however that the damages caused are highly variable and may affect between just a small number of plants and up to 80% of the crop, because the Fusarium wilt starts in small areas and, after some years of cultivation, disseminates throughout the crop. The disease is characterized by chlorotic and necrotic lesions from older leaves, with subsequent wilting, premature defoliation and stunting. Its characteristic symptom is observed in transverse and longitudinal sections, represented by the darkening of the xylem vessels (Cavalcanti et al., 2002) . Another important fungus of the agriculture is Thanatephorus cucumeris (A.B. Frank) Donk. It is a plant pathogen which belongs to the Deuteromycetes botanical class, Polyporales order and Corticiaceae family, and is the teleomorph of Fusarium oxysporum. It occurs mainly in the imperfect phase, causing a variety of symptoms, such as damping off, root and fruit rot and cankers, which cause the death of plants in agriculture in a wide range of hosts (Shiraishi et al., 2003) . The disease is common in regions with high temperature and humidity, with frequent rainfall. This is of fundamental importance because the disease limits the cultivation of beans in the tropics (Sartorato & Rava, 1994) . Both F. oxysporum and T. cucumeris are very significant in Brazilian agriculture, attacking great cultures -like bananas and beans.
Plant-derived compounds have been presented as alternatives to vector control, not only as new insecticidal agents, but also because they are in general environmentally safer than the synthetic agents (Mukhopadhyay et al. 2010; Santos et al. 2010) .
Plant products offer resources for the production of insecticides, repellents and fungicides because they contain substances with various chemical structures, some of which have developed to protect the plant against insects or other aggressors (Castro et al., 2005) . Many studies proved the biological effect of isolated substances from plant essential oils against different fungi. These provide a variety of resources of natural fungicides, and a great number of compounds have been extracted from essential oils (Chao & Young, 2000) . Essential oils are composed of several small volatile molecules found in leaves, roots, fruits, seeds or even stems of some species. Brazil is a great producer of essential oils and their isolated compounds, widely used in cosmetics, pharmaceuticals, food, beverage and pesticide industries (Silva & Oliveira, 2000) .
Hedychium coronarium J. König belongs to the Zingiberaceae botanical family, the largest of the Zingiberales order, with 53 genera and up to 1,200 native species from the tropics, especially the south and southeast of Asia (Santos et al., 2005) . This species currently occurs in India, China, Japan and Brazil, mainly in high humidity habitats, such as on the margins of rivers and lakes, forming dense populations. In Brazil, its roots are used in the treatment of general infections, especially throat inflammation. In China, where it is a native species, it is used for treating rheumatism and as a tonic, an aphrodisiac and an antipyretic (Lorenzi, 2008) .
Considering the presence of several described substances and their related effects in the species H. coronarium and the need for alternatives to control fungi proliferation in agriculture, its essential oil was tested in this study regarding inhibition of the growth of T. cucumeris and F. oxysporum under in vitro conditions, providing evidence to support future applications under field conditions.
Material and method
Leaves of H. coronarium were collected in the Federal University of Rondonia, in Porto Velho. The essential oil was extracted by a distillation system, according to the methodology described by Craveiro et al. (1981) . The oil yield was of 5 mL kg-1 of leaves. Discs of 5 mm diameter from isolated cultures of each fungus were placed in the center of 90 mm diameter Petri dishes with potato dextrose agar. In the peripheral area of the dishes four discs of filter paper were placed with 10 µL of essential oil. For control, discs without essential oil were used. The dishes were kept at 25°C for 8 days. A completely randomized design was used with four replications (of four dishes). Every 24 hours the growth of the fungi was evaluated by measuring the diameter of the colonies. Statistical analyses were performed by Tukey test, at a 5% probability level.
Result and discussion
After 192 hours the essential oil of H. coronarium demonstrated an intense inhibitory effect on the growth of the T. cucumeris colonies. The oil treatment showed an average diameter of 11.9 mm, compared with the control where the colonies covered the entire area of the dishes (90.0 mm diameter). In the evaluation of the growth of the F. oxysporum colonies, the inhibitory effect of the essential oil was also observed. Colonies of 37.4 mm average diameter had grown in the oil treatment, whereas in the experimental control the diameter was of 66.4 mm. These values differed significantly, which demonstrates the activity of the essential oil on the inhibition of F. oxysporum growth. Moreira & Facundo (2005) analyzed the fixed and volatile compounds of H. coronarium roots. The compounds found in the oil were 1,8-cineol (eucalyptol) (6.56%), camphor (8.92%), α-myrcene (4.57%), curzerenone (64.18%), (-)-caryophyllene oxide(1.49%), (Z)-1,-3-pentadiene (3.06%) and 3,5-dimethylphenol (1.51%). Giordani et al. (2004) proved the antifungal effect of 1,8-cineol and camphor against Candida albicans and other fungi of the genera Microsporum, Trichophyton and Epidermophyton.
Some works have described the biological effects of H. coronarium. Taveira et al. (2005) described the isolation of three compounds that might support the traditional use of H. coronarium for the treatment of inflammatory processes. In a previous phytochemical study, Matsuda et al. (2002) isolated several structure-related labdane diterpenes from H. coronarium , some of them possessing cytotoxic and anti-inflammatory properties, with inhibitory effects on the increase in vascular permeability and nitric oxide production. Braga et al. (1999) mentioned a potential anti-asthmatic activity of the rhizomes of H. coronarium , whose dichloromethane extract produced 86% inhibition of 5-lipoxygenase, at a concentration of 19 µg mL-1 (Braga et al., 1999) .
The in vitro control of T. cucumeris was the subject of an experiment by , who studied essential oils of Carapa guianensis Aublet, Orbignya oleifera Burret, Bertholletia excelsa H.B.K., Cedrela fissilis S. & Moc., Copaifera officinalis Duckei Huber, Azadirachta indica L., Aspidosperma polyneurom M. Arg. and Glycine hispida L. against this fungus in dilutions of 1:3 (25%), 1:1 (50%) and 3:1 (75%). The only efficient oils in controlling the fungi growth were those from C. guianensis and C. officinalis.
Other species have been studied as alternatives to control the agricultural fungi proliferation, most of them with respect to plants reported as medicinal. Pereira et al. (2006) , studied the essential oil of Rosmarinus officinalis L., Allium cepa L., Ocimum basilicun L.., Mentha piperita L. and Origanum vulgare L., at 500, 1,000, 1,500 and 2,000 mg mL-1 on Fusarium sp., Aspergillus ochraceus Wilhelm., Alternaria flaves Link and Alternaria niger Van. growth and found that the O. vulgare oil inhibited the growth of all the fungi in all the used concentrations, except for A. niger, which had the mycelial growth inhibited only by concentrations of 1,000 mg mL -1 . Other oils had effect only at 1,500 mg mL -1 and higher. Krauze-Baranowska et al. (2002) , evaluated essential oils from Pinus ponderosa, P. resinosa and P. strobus on three Fusarium species. The most relevant result was the inhibition effect caused by P. ponderosa oil, which entirely inhibited the growth of all the tested fungi at 2 and 5% of dilution. tested the extract of Pterodon emarginatus Vog. fruits on the mycelial growth of the fungi Alternaria brassicae, Fusarium oxysporum, Rhizoctonia solani and Ceratocystis fimbriata for six days, and reported its effectiveness, with inhibitory effects of 62; 70; 74 and 82%, respectively. The authors argue that this can be an ecologically and economically viable alternative, since the fruits are obtained without injury to the trees. Pereira et al. (2005) tested essential oils of Matriocaria chamomilla L., Rosmarinus officinalis L. and Mentha piperita L. medicinal plants for control of in vitro culture contaminants at 5 and 10% dilutions. The first two were efficient against Aspergillus sp. and Penicillium sp. at 5% and M. piperita was efficient at 10% dilution.
Joy et al. (2007) evaluated essential oils from fresh and dry rhizomes of H. coronarium by GC-MS and observed 44 and 38 compounds that represent, respectively, 93.91 and 95.41% of the total oils. The compounds in higher concentrations in the fresh and dry rhizomes were respectively 1,8-cineole -41.42 and 37.44%, β-pinene -10.39 and 17.4%, and α-terpineol -8.8 and 6.7%. Additionally, the authors evaluated the inhibitory effect of these essential oils against fungi and bacteria growth using the diffusion disc method and observed more efficiency of the oil from dry rhizomes than the oil from fresh rhizomes. Both samples showed more activity against Trichoderma sp. and Candida albicans than against Bacillus subtilis and Pseudomonas aeruginosa.
Martins et al. (2010) performed a leaf phytochemical analysis of H. coronarium and observed the presence of saponins (formation of persistent and abundant foam) and the absence of tannins, anthraquinones, alkaloids, and flavonoids. Using a thin-layer chromatography the authors also identified the presence of caryophyllene and myrcene in the crude essential oil obtained from H. coronarium leaves, compounds that are known to have antimicrobial activity.
The great potential of natural aromatic substances have been described as an interesting alternative to control the proliferation of phytopathogens instead of synthetic substances, which have led to microorganism resistance and more significantly, environmental pollution, posing potential risk to animal and human health (Obongoya et al., 2009; Daferera et al., 2003; Fiori et al., 2000; Krauze-Baranowska et al., 2002; Almeida & Regitano-D'arce, 2000; Farooq et al., 2002) .
Conclusion
The results reported here show the in vitro efficiency of the essential oil of H. coronarium leaves against F. oxysporum and T. cucumeris, which suggests the potential of its use in agriculture, mainly with respect to banana and bean cultures. However, field experimentations and toxicological tests must be done to determine the applicability and effectiveness of the oil under ex vitro conditions.
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